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COMPARISON O* 1 YAW CHARACTERISTICS OF A SINGLE-ENGINE 
AIRPLANE MODEL WITH SINGLE-ROTATING AND 



Tests were made in the N AC A 19-foot pressure tunnel 
to determine the yaw characteristics of a 0.32- scale 
model of a single -engine, fighter- type airplane with 
six-blade single-rotating and dual-rotating propellers. 
The Dro^ellers used in the investigation were of the 
same solidity and plan form. Force and moment charac- 
teristics of the model, Witts the exception of the 
rolling-moment characteristics, are presented for 
several model and power conditions. Curves are given 
that show estimated rudder-control characteristics of 
the design airplane in steady sideslips. 

The most important difference in the yaw charac- 
teristics of the airnlane model with single-rotating 
and dual-rotating propellers was that, in the low-speed 
high-thrust conditions, large rudder deflections and 
forces were required to trim at zero yaw with single 
rotation, and negligible deflections and forces were re- 
quired to trim at zero yaw with dual rotation. For the 
high- thrust conditions with the rudder fixed, the model 
with single-rotating propellers tended to be direc tionally 
unstable at large negative angles of yaw; whereas, with 
dual-rotating propellers the model was stable throughout 
the trim range. For moderate angles o^ yaw, a greater 
degree of rudder-fixed stability was generally obtained 
with single rotation than with dual rotation. The total 
range of angle of yaw maintained by maximum deflection of 
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The effects of propeller operation on the stability 
and control characteristics of the airplane are becoming 
increasingly important with the present trend toward 
engines of greater power. The single-rotating propeller, 
used almost exclusively in the pact, has an adverse ef- 
fect on the latere 1-oontrol characteristics of the air- 
plane. With power on, the large torque reaction and 
the resulting asymmetrical slipstream causes large 
lateral- trim changes that involve both aileron and rudder. 
A dual-rotating propeller, which for the ideal case has 
no resultant torque and produces a symmetrical slipstream, 
should eliminate the la tera] -control ' changes due to power. 
Air-flow surveys at the tail of a single ^engine atrpla&e 
model equipped with a dual-rotating propeller have indi- 
cated a symmetrical slipstream (reference 1). it has 
been shown, however, by theory (reference 2) and by ex- 
periment ^ (reference 5) 'that the propeller forces due to 
inclination of the thrust azis are greater for a dual- 
rotating propeller than for a single^rotafeing propeller; 
this effect influences the stability of the airplane 
somewhat. 

Little is known about the quantitative differences 
between the effects of a single**? otating and a dual- 
rotating propeller on the stability and 'control charac- 
teristics of a complete airplane. In. order to provide 
information on the differences between the effects of a 
single-rotating and a dual-rotating propeller on sta- 
bility and control characteristics, tests were made of a 
0.32-scale model of a single-engine, f irhter- type air- 
plane in the NACA 19-foot pressure tunnel at Langlef? 
Field, Va. The investigation was confined to the deter- 
mination of the characteristics in yaw with the vertical 
tail on and with the vertical tail off. The results of 
these tests are believed to be of no direct general ap- 
plication but serve as an indication of trie character 
and magnitude of the effects of the two types of rotation. 
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A?. PAR AT iJS AND 15188 
Model 

m he general dimensions of the model are given in 
figure 1* The wing was equipped with 0.25c partial-span 
slotted flaps and also with slats on the leading edge of 
the outer wing panels. Provision was made for air flow 
through the cowl, the two wing ducts, and the super- 
charger air duct located beneath the cowl. A detail 
drawing of the vertical tail surface is presented in 
figure 2. The vertical fin was set at 0° and the hori- 
zontal stabilizer at 2° for all tests. 

The model was equipped with a six-blade propeller 
unit made up of two three -blade propellers having a 
distance between center lines of ii . 05 inches. The 
blades were of the NACA J+-508-03 type; blade-form curves 
are presented in figure 5- In the dual-rotating unit, • 
the front blades were right hand and the rear blades 
left hand. The propellers were driven through a dual- 
rotating gear box. " m the single -rotating unit, the 
gear box was replaced by a solid coupling." Both the 
front and the rear blades were right hand and were 
equally spaced about the center of rotation. An elec- 
tric motor capable of delivering a torque of 195 foot- 
pounds was used to drive the propeller unit . 

Model configurations for landing and for normal 
flight were tested. In the landing feonf igurat ion shown 
in figure J4., the wing flaps were deflected 50°, the 
ailerons were drooped 15° j t- ie slats were open, the cowl- 
exit flap was deflected 25 0 , the oil-cooler and inter- 
cooler exit flap was deflected 22°, and the landing gear 
was installed. In the normal-flight configuration shown 
in figure 5, all the aforementioned surfaces were in the 
neutral position and the landing gear was removed. 

Tests 

The model mounted in the test section of the tunnel 
is shown in figures l\. and 5- Measurements were made of 
the six-component forces and moments on the model and of 
the rudder hinge moments. Forces were measured directly 
by the wind-tunnel balance and moments were computed from 
force readings. Rudder hinge moments were measured by 
electrical' resistance-type strain gages. 
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The model was yawed, at selected angles of attack, 
through a range of angles of yaw from -10° to J4.O 0 for 
the dual-rotation tests and from -JO 0 to 39° for the 
single-rotation tests. The yaw range was limited to 
these values by the model support. All tests were made 
with the air in the tunnel at an absolute pressure of 
35 pounds per square inch. The test Reynolds number 
was approximately 3*000,000, except for a few tests made 
at a Reynolds number of h, 200, 000. 

In the normal- flight conf iguration, the model was 
tested simulating f ull^power with the thrust line at an 
angle of attack of -0.8^, corresponding to high-speed 
level flight, and at an angle of attack of 11.3°, cor- 
responding to a full-power climb at 107 percent of the 
power-off stalling speed. These conditions are here- 
inafter referred to as the "High-speed condition" and 
the "climb condition 11 , respectively. In the landing 
configuration, the model was tested simulating ^-percent 
full power at an angle of attack of 10° corresponding to 
flight et 107 percent of the power-off stalling speed. 
This model and power condition is hereinafter referred to 
as the 11 approach condition 11 . For these three conditions, 
tests were made for a range of rudder deflections and 
with the vertical tail off . In addition, for each angle 
of attack, tests were made with the propeller operating 
at approximately zero thrust, simulating an engine-idling 
glide, and also with the propeller off; these tests were 
made with rudder neutral and with the vertical tail off. 

The power conditions of the model tested simulated 
those of the design airplane. .Full power rejvresents 
2250 brake horsepower at sea level and S^-p^rcent full 
power represents 1300 brake horsepower at sea level. 
The axial component of the slipstream velocity, as 
measured by the thrust coefficient T c , was taken as 
the criterion of similitude of the power conditions. 
The calculated thrust coefficients for the dual-rotation 
case are shown in figure 6. The rotational component 
of the slipstream as measured by the torque coefficient 
<i c is believed to be adequately reproduced for these 
tests. The thrust and torque characteristics of the 
model propellers, as determined experimentally with the 
thrust line horizontal, are given in figures 7 and 8. 
For each model condition, the single-rotating and the 
dual-rotating propellers were operated at approximately 
the same thrust coefficient. The blade angle at f :» 
O.75 radius was 25° for all tests. The propeller rota- 
tional speed was held constant throughout the yaw range. 
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Coefficients and Spools 

The data are presented in the form of standard, 
nondimens tonal coefficients. The coefficients and 
symbols are defined as follows; 





lift coefficient (L/qS) 




Li 
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c r r cot-mean-square chord of rudder 

D propeller diameter, luO feet 

q free-stream dynamic pressure 

V free-stream velocity 

p mass density cf air 
and 

n propeller rotational speed 

p "blade angle at 0,75 radius 

cirp angle of attack of thrust line, degree 

\]/ angle of yaw, degree 

fi r rudder deflection, degree 

5 e elevator deflection, degree 

R Reynolds number 

p coefficient of viscosity 

h r c r ^ = O.785 feet 5 

Angle of attack, drag, and pitching moment have 
been corrected for the effects of iet-boundary inter- 
ferexice. Approximate corrections have been applied 
for the effects of the model support « 

All forces and momenta are referred to a system of 
axes with the origin at the center of gravity corre- 
spond!?.^ to that of the full-scale airplane. The 
X-axis is the intersection of the plane of symmetry of 
the model with a plane perpendicular to the plane of 
symmetry and parallel to the relative wind with the 
positive direction rearward. The Y-axis is perpendicular 
to the plane cf symmetry with the positive direction to 
the right. The Z-axis is perpendicular to the- X-axis 
and in the plane of symmetry, with the positive direction 
upward. 
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RESULTS AND DISCISSION 



The test data are presented as curves of lift, 
resultant-drag, lateral-force , yawing-, moment , pitching- 
moment , and rudder hinge -moment cceff icients plotted 
against angle of yaw. No r oiling -moment curves are 
presented because of inconsistencies m the data and a 
wide dispersion of test points.. Yaw characteristics 
for a ran^e of rudder deflections are presented in 
ftgtires 9 to 14 for the approach, the climb, and the 
high-speed conditions. Comparisons of the effects of 
rotation on the yaw characteristics with. the vertical 
tail on (rudder neutral) and with the- vertical tail off 
are presented in figures In tc Z3 for the approach, the 
climb, the hi ( yh-spsed, and the glide conditions. In 
each case, propeller- off Sft.ig are given as a hasis for 
comparison . 

Prom figures 9 ^° estimates have been made of 

the rudder-control characteristics of the design air- 
plane in steady sideslips. These daL-a are presented in 
fi.5ures 2)l, 25, and 26 as curves of rudder force and 
deflection for trim against ahgle of yaw . The yawing 
moment due to aileron deflection was neglected in all 
cases. The control forces were calculated with the 
assumption of a pedal movement of -Ij. inches for ^20° 
rudder throw and a wing loading of 36 pounds per square 
foot. Left rudder forces and deflections with dual 
rotation were estimated by assuming that the curves 
would he symmetrical about neutral rudder. 

host of the important directional stability and 
control characteristics for the three model conditions 
are summarised in table I. Slopes of the yawln^-moment 
curves at zero yaw for the various model conditions are 
riven in table II. 

All data are presented for zero fin offset and 
neutral trim- tab setting. A small fin offset with 
Single rotation would probably not appreciably alter 
the general conclusions. The comparisons made with 
the rudder trim tab neutral are not entirely complete 
because a tab would ordinarily be deflected, with single 
rotation in some of the flight conditions. The de- 
flected tab would affect, to some extent, almost all 
directional stability and control characteristics. It 
should be noted that theffenife-edge g^ape of the rear 
end of the fuselage provides appreciable fin area even 
with the vertical" tail off. 



Inasmuch as the thrust coefficient and the angle of 
attack are nearly the same for the Approach and the 
Climb conditions, these two conditions differ principally 
in that the climb is a flaps-up condition and the ap- 
proach is a flaps-down condition. Although the two 
model configurations differ in more respects than this 
one, the differences in yaw characteristics are believed 
to be due primarily to flan deflection. 

The discussion of $ttf data is devoted almost en- 
tirely to static directional stability and control. 
Although reeling -moment data are not presented, it should 
be remembered that there are large lateral-trim changes 
requiring the use of ailerons in the high-thrust condi- 
tions with single-rotating propellers. In the comparison 
of the results for dual rotation with those for single ro- 
tation, the assumption was made that with dual rotation 
the curves for left rudder deflections would be similar 
to thbee for right rudder deflections. 

"he data show that for the high- thrust conditions, 
where the slipstream effects are large, the yaw charac- 
teristics are asrymmetrical about zero yaw with single ro- 
tation and are essentially symmetrical" wi th dual rotation. 
For the low- thrust conditions, the yaw characteristics 
were nearly symmetrical about zero yaw for both single and 
dual rotation. 

Dir ectional tr im char - v.- In the lev/- speed high- 
thrust conditions , 'directional trim changes are negli- 
gible with dual rotation and large with single rotation. 
With dual rotation, zero yaw can be maintained with ap- 
proximately neutral rudder and zero control force in 
both the climb and approach conditions (figs. and 25). 
With single rotation, a right rudder deflection of 18° 
is required to hold zero yaw; the estimated rudder forces 
are 12 5 pounds and 70 pounds for the climb and the ap- 
proach conditions, respectively. The maximum rudder 
deflection of 20° would not be sufficient to trim the 
airplane at the angle of yaw necessary for straight 
flight with wings level (ty ~ 5°). This angle of yaw 
is taken as the angle at which both the lateral force 
and the yawing moment are zero if the yawing moment due 
to aileron deflection is neglected. For dual rotation 
in all conditions and for single rotation in the high- 
speed condition, the wings can be kept level at zero yaw 
and little rudder deflection is needed. 
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With single rotation and rudder neutral, the model 
tri:^s ( G n ~ 0) at an angle of yaw of about -10°. At 
zero yaw f there is a large negative yawing moment as 
shown in figures 15 and 17* At least half of tills mo- 
ment is contributed by the mode i without the vertical 
tail. (See figs, lo and 18 . ) 

D ir e c t i or. a 1 stability, r udder - fixe d . - In the high- 
thrust conditions, the displacement of the s ingle - 
rotation yawing-moment curves toward negative C n and 

negative resulted in a tendency toward directional 

instability at moderate to large negative angles of yaw. 
Vifith single rotation, instability is indicated in the 
approach conditio** at an angle of yaw of -27 0 with full 
left rudder (6 r - 20°). In the climb condition posi- 
tive stability is shown in the trim range; however, the 
slope of the yawing-moment curve tends to become unstable 
at about f » -30° for conditions only slightly out of 
trim. r xth aval rotation, stability is indicated in the 
trim range for both the climb and the approach conditions. 
Beyond the trim range, reversals of the yawing-moment - 
curve slopes occur in the approach ( f laps -down ) condition 
but not in the climb (flaps-up) condition. The reversals 
in the approach condition might lead to directional insta- 
bility if the rudder limit v;ere increased to about J0°. 
For a greater rudder range, the directional instability 
with single rotation would he aggravated. It would be 
desirable, in this case, to restrict the left rudder range 
and increase the right rudder range. 

Up to moderate angles of negative yaw, the stability 
was greater with single rotation than with dual rotation, 
except for the glide conditions (propeller at zero thrust) 
where little difference was. shown. nt zero yaw in the 
approach, climb, and high-speed conditions, the moment- 
curve slopes were about 15 percent more stable with single 
rotation than with dual rotation. In the approach con- 
dition (figs. 9 and 10), this difference was essentially 
constant up to $ = -15° (dual-rotation curves are assumed 
symmetrical), but for the climb condition (figs. 11 and 12) 
considerably steeper slopes were obtained with single ro- 
tation in the region of if = -10°. The aforementioned 
differences in stability should not be important except in 
mar ginal cases . 
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The more stable moment -curve slopes with single 
rotation in the approach and the climb conditions appear 
to be due partly to the more stable slopes for the model 
without the vertical tail and partly to the greater ef- 
fect of the vertical tail. 

In the high-speed condition (figs. 19 and 20), where 
the lift coefficient and thrust coefficient are low, the 
decrease in stability with dual rotation would appear to 
be due primarily to the increase in propeller side force 
experienced with a dual-rotating propeller (references 2 
and 3). In figure 27 the measured yawing moments due to 

the propeller [CL nn - Cy, ob- 

n propeller on "propeller off 
tained from figure 20 are compared with the yawing 
moments calculated by use of the theoretical propeller 
side forces determined from the charts cf reference 2. 
The comparison indicates that the differences in the 
yawing moments caused by a single-rotating and by a dual- 
rotating propeller were somewhat greater from experiment 
than from calculation. In addition, measured yawing 
moments due to either type of propeller were greater than 
corresponding calculated yawing moments. Measured side 
forces due to the propeller, however* &re lower than the 
theoretical propeller side forces. It is concluded, 
therefore, that the effects of the propeller were not 
restricted to direct propeller forces hut included forces 
on the airplane itself, which affected the over-all side 
force and yawing moment. 

Dig ac tional stability, rudder free . - R ud der-free 
(pedal-free) yawing moments, obtained by cross-plotting, 
are shown in figures 9 to 12. In the approach condition, 
the y&wing moment is stable with dual rotation but un- 
stable beyond \|/ ss -2S° with single rotation. The 
instability with single rotation occurred in a manner 
termed "rudder lock" 5 that is, as the increasingly un- 
stable yawing moment yaws the airplane to the left, the 
hinge moment forces the rudder continually harder against 
the stop. In the climb condition, the rudder-free mo- . 
ment is restoring except at $ s -2\\P with single rota- 
tion and at # = ±23° with dual rotation where 'the 
moments are zero. The rudder limit is particularly 
critical to the rudder-free stability at large angles cf 
yaw and the stability would be unfavorably affected by a 
greater rudder range in all conditions. 



MAC A ACS No. L^D19 



11 



Rudder-control effectiv e ness . - In the high-speed and 
approach conditions (figs. 21j. and 26), the rudder-control 
effectiveness d-i f /d5 r was about 10 percent greater with 
dual rotation than with single rotation over the straight 
portions of the curves. In the climb condition, the 
average effectiveness with dual rotation was about twice 
that with single rotation. This increase in effective- 
ness is a result of the lower weathercock stability with 
dual rotation. In the climb condition, the angles of 
yaw maintained by +20° rudder deflection were ill 0 with 
dual rotation and were 2° and -23° with single rotation. 
Jn the approach condition angles of yaw maintained by 
maximum rudder deflections were ±11° for dual rotation 
and were 2° and -2J° for single rotation. 

R udder -cont ro l for ce s . - As mentioned previously, 

the calculated rudder forces required to trim at zero 
yaw with single rotation are 12 5 pounds for the climb 
and 70 pounds for the approach condition; with dual ro- 
tation the rudder forces are approximately zero. 

The control forces per degree of yaw in the approach 
and climb conditions are two to three times greater with 
single rotation than with dual rotation in the straight- 
line portion of the carves (figs. 2lj_ and 25). In the 
high-speed condition (fig. 2b), the force gradients were 
the same. The displacement of the rudder-force curves 
in figure 2b should not be considered significant because 
a small error in rudder-angle or hinge-moment measurement 
would be greatly magnified in the force curves. 

At large angles of yaw, the forces either are zero 
or change sign with single rotation in the approach and 
climb conditions and with dual rotation in the climb con- 
dition. A rudder range greater than ±20° would accen- 
tuate these force reversals and might cause a reversal 
in the approach condition wi th dual rotation if the 
travel were increased sufficiently. Since thef. 
trim requirements are less severe with dual than with 
single rotation, it appears that increased travel would 
not be required with dual rotation. 

Inasmuch as a tab Would normally bo used with single 
rotating propellers to trim out control forces at zero 
yaw, the variations of force with an^le of yaw for the 
approach and climb conditions would probably be different 
from those indicated in figures Zl\. to 26. 



VI see 1 l ane ous c har ; ac t er i s t ic s . - In the lew- thrust 
conditions, only snail differences between single and 
dual rotation were shovn in lift, drag, pitching moment , 
and lateral force. In the high- thrust conditions, 
these characteristics were asymmetrical about zero yaw 
with single rotation and essentially syittmetrical with 
dual rotation. 



CONCLUSIONS 



The results presented lead to the following con- 
clusions with regard to the yaw characteristics of the 
single -engine airplane model with a single -rotating and 
a dual-rotating propeller: 

1. The most noticeable differences shown wore the 
larg?. directional trim changes with the single-rotating 
prbpeller and the negligible trim changes with the dual- 
rotating propeller. Filth single rotation large rudder 
deflections and forces were required to trim (C n s 0) 
at zero yaw in the low-speed high-thrust conditions, 
wheraas with dual rotation only small deflections and 
forces re re required. 

2. The model with dual-rotating propeller was 
directionally stable with rudder ^ixed throughout the 
trim range for all conditions. Beyond the trim range, 
reversals of the yawing -moment curves occurred in the ap- 
proach condition; these reversals might produce insta- 
bility if the rudder range were increased sufficiently. 
With single rotation, rudder fixed, the model was un- 
stable at large angles of left yaw in the approach (flaps 
down) condition and exhibited a tendency to be mist able 
in the climb (flaps -up) condition. The instability in 
the approach condition also occurred with rudder free 
and in a manner termed ''rudder lock''; that is, as the 
increasingly unstable yawing moment yaws the airplane to 
the left, ~ the hinge moment forces the rudder continually 
harder against the stop. 

5. Although of secondary importance for the model 
tested, a greater degree of rudder-fixed stability was 
generally shown with single rotation than with dual ro- 
tation at small to moderate angles of yaw. At zero yaw, 
the slopes of the yawing-moment curves were about 15 per- 
cent more stable with single rotation in the approach, 
climb, and high-speed conditions thaa with dual rotation. 
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The rudder-control effectiveness d\|//d5 r in 

the high-speed condition was about 10-percent greater 
with dual rotation than with single rotation. In the 
climb condition, angles of yaw maintained by +20° rudder 
were ±21° with dual rotation, and 2° and -25° with 
single rotation. In the approach condition, the angles 
of yaw were ±11° with dual rotation, and 2° and -25° 
with single rotation. 

S. The rudder-control forces per degree of yaw 
were two to three times as great for single rotation as 
for dual rotation in the low-speed high- thrust conditions. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics. 
Langley Field, Va. 
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TABLE I 

COMPARISON OF ESTIMATED DIRECTIONAL STABILITY AND CONTROL CHARACTERISTICS 
OP THE SINGLE-ENGINE AIRPLANE WITH A SINGLE-ROTATING 
AND WITH A DUAL-ROTATING PROPELLER 

[For conditions of C n = 0; C n due to aileron deflection is neglected] 



Type of 
Rotation 


6- at * = 0° 
( dec ) 


Rudder force 
at At = 0° 
(lb) 

• 


y at 

Gp =0° 
Tdeg) 


\\i for 
wings level, 
C n and 
Cy = 0 
(deg) 


\l/ at 
Op = *20° 
(deg) 


Relative 
rudder 
effective- 
ness based 

d\l/ 

on da7 

( percent ) 
(a) 


Relative 

rudder 
force per 

deg yaw 
( percent ) 

(a) 


Relative 
rudder-fixed 
stability 

dC n 

based on ~T*~ 

d\j/ 

(percent) 
(a) 


|r at which 

rudder-fixed 

instability 

occurs 

(deg) 


\\f at which 
rudder-force 
reversal 

occurs 

(deg) 






High-speed condition; T c = Q.03 


Single 
Dual 


0 

1 (left) 


25 (right) 
0 


0 
1 


0 
0 


*15 (est.) 


90 
100 


100 
100 


115 
100 


None 
indicated 
--Do. — 


None 
indicated 










Pull-power 


climb; flaps up; T c : 


= 0.55 








Single 
Dual 


-18 (right) 
1 (left) 


125 (right) 
10 (right) 


-12 
1 


*< 

0 


2, -23 
±21 


60 
100 


300 

100 


115 

100 


Possibly 
beyond -30 

None 
indicated 


-23 

X20 
(approx.) 








Pa 


rtial-power approach; flaps down; 


t c = 0.59 








Single 
Dual 


-17 (right) 
0 


70 (right) 
5 (right) 


-9 

0 


0 


2, -23 
±11 


90 

100 


300 

100 


120 
100 


-26 

None 
indicated 


-22 

None 
indicated 



> 
> 

> 

o 

o 



O 
h- 1 



a For small angles of yaw 

to Beyond rudder eontrol range 



* 



TABLE II 

SLOPES OP YAW I NO- MOMENT CURVES AT ZERO YAW 
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dC n /d^ 








Normal flight 


Landing * 


Propeller 
condition 


a T = 


-0.6° |a T = 11.8°! a T = 11.8° 


a T = 10° a T = 9.8° 




High- 
level 


• soeed [Full-power! Propeller 
flight] climb idling 


Partial-power Propeller 
approach j idling 



Propeller off 
Single rotation 
Dual rotation 



Propeller off j 
Single rotation; 
Dual rotation i 



Vertical 
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- . 0028 
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1 Slopes are given for C n = 0, ru dder fixed 
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F/gure 6- Calculated full-scale thrust coefficients with dual rotation. 
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Figure 7. - Characteristics of the six- blade 
dual - rotating pro pel '/en A/AC A 
4-308-O3 blades-, /&=23% D=4feet. 
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figure 3. - Characteristics of the six-blade 
single -rotating prop el I en, A/AC A 
4- -303 - 03 bla des ^ =2.3 \ D~4 fe et. 
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^gureQ- Yati^ characteristics for the approach condition. Single rotation- 
landing configuration ; 55-percent full power ; T c =0.59 ; ac T =/0 o j& G ~-J°j 

R**3fl00fl00. 
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Figure 9- Concluded. 
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Figure 1 0 .-Yaw characteristics for the approach condition .Dual rotation, 
landing cohfigu ration } 55-percent full power . 71= 0.59 ) ac T = IO° ; S e --3 • 

R~ 5,000,000. 
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Figure 10 - Concluded. 
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figure II- Yaw characteristics for the climb condition. Single rotation; 
normal-flight configuration , full power > T c =0.55 j oc r =l !8° s 6~ e =0 ° } 

R*3JD0'Q0Q0. 
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Figure 1 1.- Concluded. 
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Figure 12- Yaw characteristic j for the climb condition. Dual 
rotation : "normal- flight configuration; fall power-, T c -- 0.55 ; 
oc T -/l.8°; 6,- 0° ; hl-j,000,000 . 
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Figure 1 2 -Concluded . 
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Fig. 13a NACA ACR No. L4D 
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Figure 13 - Yaw characteristics for the high-speed 
condition. Single rotation; normal- flight configuration ; 
full power; T c = 0.03; cc T = -0.8% 6 e = 03° s R~4,200,000. 
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Figure 14-.- Yaw characteristics for the high-speed condition. Dual 
rotation jmor ma H light configuration; full power ,T c --O.OJ . oz T --0.8° } 
6^ OS ] R>4, £00,000. 
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Figure i4-.-Conc/uc/ed. 
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Figure 15- Effect of rotation on l/ow characferisfics 
tor the approach condition. Tail on, 6 r -0° landing 
configuration; 55-percent full power T c = 0.59 ; oc T = iO° 

R =3,000,000. 
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Figure 10 -Effect of rotation on yaw characteristics for the 
approach condit/on. Vertical tail off landing configurat/on,- 
55- percent full power, X=0.59 ; oc.t-/oI R~3>000,000. 
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Figure 10 -Concluded 
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Figure 17- Effect of rotation on yaw characteristics for the climb 
sofidition . -Toil on, 6 r =0] normal- flight configuration-, full power, 
f c -0.55 i OCr-ll.8° R'3,000,000. 
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Figure 1 7. -Conc/uded. 
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naure 18- Effect of rotation on yaw characteristics for the climb 
condition Vertical tail off, normal flight configuration-, full 
power T c =0.55 ; CCt-II.8] R~3,ooo,ooo. 
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Figure 19 - Effect of rotation on yaw characteruticj for the h/gh-fp&ed 
condition. Toil on ■ 6 r -0° ; normal- flight configuration .full power, T c - 0.0J- 
OC--0.8', R~4,Z0b,0Q0. 
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Figure 19 -Concluded. 
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Figure 20 - Effect of rotation on yaw characteristics for the 
high-spmad" comdition . Vertical tail off; normal- flight con- 
figuration-, full power-, T c =0.03; cc T = -0.8] R*4,200,0Q0. 
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Figure 21 '.- Effect of rotation on yaw characteristics tor the 
glide condition. Tail on,- 6 r -0\ normal- flight configuration, T c = 0; 

CCr= 11.61 R~3, 000,000. 
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Figure 21.- Conc/uded. 
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Figure 22.- Effect of rotation on yaw character/jt/cs for the glide condition, 
fail on } d r '0", landing configuration-, f c -0 ; cc T -9.7° > R-J,OOOWn 
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Figure 22 . -Concluded 
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Figure 23 - Effect of rotation on yaw characteristics for the 
gl/de condition. Vertical toil off landing configuration-, Z =0 } 
0C T *9.7° R~3*)0 0,000. 
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Figure 23 rConcluded. 
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f/qure 24-.- Steady sideslip characteristics 
CC n = 0) for the approach condilion. 
V=3Z mph. rr 
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Fio 'U re 25- Steady sideslip characteristics 
^(C n = 0) tor the climb condition. V=l04mph. 
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F/gure 2Z - Compor/son of expert mental and calculated 
yawing moments due to propeller High-speed con- 
dltion $ tail off; V/nD H05; &* 23? 
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